In vivo 14N nuclear magnetic resonance spectroscopy of tumors: detection of ammonium and trimethylamine metabolites in the murine radiation induced fibrosarcoma 1.
The in vivo 14N nuclear magnetic resonance spectra of s.c. implanted murine radiation induced fibrosarcomas (RIF-1) display narrow resonances assignable to betaine and other trimethylamines and broad resonances due to amino acids and peptides. In 19 of the 41 tumors studied a distinct resonance from the ammonium ion is detectable. The accumulation of ammonium in the tumor to nuclear magnetic resonance detectable levels may result from glutaminolysis (a possible pathway for energy production in the tumor), from the degradation of peptides and proteins, or from the deamination of adenine nucleotides. Estimates of the tissue ammonium concentration were obtained from the in vivo tumor spectrum and the spectrum of the nonlabile trimethylamines in the perchloric acid extract. In the extract, the 14N resonances of betaine, carnitine, choline, phosphorylcholine, and glycerophosphorylcholine were resolved, and a relatively high level of tissue urea was observed. Spin-lattice relaxation times were obtained for the 14N nucleus of each of these metabolites in phosphate buffer.